Introduction {#sec1-1}
============

A nosocomial infection is defined as an infection that is not present or incubating when the patient is admitted to hospital or other health care facility.\[[@ref1]\] It has been reported that the incidence of nosocomial infections in the intensive care unit (ICU) is about 2 to 5 times higher than in the general in-patient hospital population.\[[@ref2]\] The increased morbidity and mortality associated with nosocomial infections in the ICU is a matter of serious concern today. Serious medicolegal issues also arise in this context, since the patient or their families sometimes blame the hospital staff for the infection and demand compensation.\[[@ref3]\] It has been reported that in hospitals with an effective program for nosocomial infection surveillance, infection rates can be reduced by approximately one-third.\[[@ref4]\]

In our setting that of a busy ICU in a tertiary care teaching hospital in the public sector, survey of nosocomial infection has not been carried out in the recent past. The objectives of the present study were to determine the incidence of nosocomial infection, identify possible risk factors for these infections, to clarify the distribution of the causative pathogens and to evaluate the outcome of the infected patients in terms of length of ICU and hospital stay and mortality.

Materials and Methods {#sec1-2}
=====================

After approval from the Institutional Ethics Committee, we conducted this prospective observational study in the 12 bed combined medical and surgical ICU of a tertiary care medical college hospital between January 1 and June 30, 2012.

Out of the total of 455 patients admitted to the ICU during the 6-month study period, 242 patients staying for more than 48 h in the ICU were included in the study. All patients were monitored daily for the development of infection during their ICU stay and during the 72 h after discharge from the ICU. Patients who were re-admitted 72 h after discharge from the ICU were regarded as new admissions. Patients with infection at the time of admission were included in the noninfected group for the purpose of analysis. However, such patients were included in the group with ICU-acquired infection when they developed a new infection at a different anatomical site during the ICU stay.

All 242 patients in the study group were also followed-up till hospital discharge to acquire data on length of hospital stay and outcome in terms of mortality. Information on each patient was recorded on a structured case report form.

To assess the severity of illness on the 1^st^ day in the ICU, the Acute Physiology and Chronic Health Evaluation II (APACHE II) score\[[@ref5]\] was used. The patients were classified into seven groups according to the primary reason for ICU admission -- cardiovascular, respiratory, neurological, renal, metabolic, gastrointestinal and surgical. Decision on infection or colonization was based on laboratory and clinical evidence. Nosocomial infections were diagnosed according to the standard definition of the (United States centers for disease control and prevention \[CDC\]).\[[@ref6][@ref7]\] Antimicrobial therapy was administered to the patients as necessary and cultures were requisitioned when infection was suspected. Patients were always sampled for microbial culture before starting a new antimicrobial. Appropriate essential investigations were regularly performed as needed.

For the determination of risk factors associated with ICU acquired nosocomial infection, the following putative risk factors were recorded: Age, gender, site from where the patient was transferred to the ICU, cause of ICU admission and the APACHE II score during the first 24 h of admission to the ICU. The following factors were recorded as present (at any time during the ICU stay) or absent in a particular patient before the development of ICU acquired infection: Underlying disease, comorbidity, central venous catheterization, pulmonary arterial catheterization, invasive arterial catheterization, peripheral venous catheterization, urinary catheterization, endotracheal intubation, re-intubation, tracheostomy, nasogastric tube insertion, mechanical ventilation, surgical procedure, prior antimicrobial therapy, antacid and stress ulcer prophylaxis therapy, sedative-analgesic therapy, vasopressor therapy, parenteral nutrition, enteral nutrition, horizontal body position with head at \<30°, blood transfusion, hypoalbuminemia, diabetes mellitus, chronic renal failure, chronic alcoholism, malnutrition and immunocompromise.

For statistical analysis, the APACHE II scoring was grouped into two classes of ≥13 and \<13 taking the median value for APACHE score as the cut-off. For the determination of the incidence of nosocomial infection, infections rates were expressed as a percentage. Also, infection rates were calculated per 1000 patient-days or per 1000 device days (for specific device associated infections) according to the CDC recommended formulas.

For classification of the different causative pathogens associated with nosocomial infections, all the microorganisms isolated on culture from each of the patients with confirmed infection according to the CDC definitions were recorded and their relative frequency of isolation were determined as percentage.\[[@ref6][@ref7]\] Bacterial isolates were identified by Gram-stain, cultures on routine media (e.g. Blood agar, MacConkey agar) and where necessary, selective media and specific biochemical tests following standard protocols.\[[@ref8][@ref9]\] Fungal isolates were identified by cultures on Sabouraud dextrose agar, and Sabouraud dextrose chloramphenicol agar media followed by Gram-stain, lactophenol cotton blue mount and germ tube testing following standard protocols.\[[@ref10]\] For assessing outcome, each patient was followed-up till ICU and hospital discharge or death. Length of ICU stay and hospital stay were recorded as the number of days from admission to discharge from the ICU and hospital respectively. The length of ICU and hospital stay in patients with and without nosocomial infections and also the ICU and hospital mortality rates in patients in both groups were statistically compared.

Data have been summarized by routine descriptive statistics. 95% confidence interval (CI) values have been calculated for key variables. Numerical variables have been compared between groups by Student\'s independent samples *t*-test when normally distributed or by Mann--Whitney U-test when otherwise. Fisher\'s exact test has been employed for intergroup comparison of independent proportions. Univariate analysis has been two-tailed, and *P* \< 0.05 has been considered statistically significant. All variables returning *P* \< 0.1 on univariate analysis were entered into a logistic regression model of risk factors for nosocomial infection. Univariate and adjusted odds ratios (ORs) from the logistic regression analysis have been reported. SPSS Statistics version 17 (Illinois, Chicago: SPSS Inc., 2008) software was employed for statistical analysis.

Results {#sec1-3}
=======

Data were collected from 242 patients accounting for a total of 1736 patient days.

Intensive care unit acquired nosocomial infections were detected in 29 patients (11.98%; 95% CI: 7.89-16.07%). These 29 patients developed one type of nosocomial infection each. The most frequently diagnosed nosocomial infection was nosocomial pneumonia. Combining both ventilator associated pneumonia (VAP) and non-VAP, nosocomial pneumonia was found in 18 (62.07%; 95% CI: 44.41-79.73%) of the 29 infected patients. Taken separately, VAP was diagnosed in 10 (34.48%) and nonventilator associated nosocomial pneumonia was diagnosed in 8 (27.59%) of the infected patients. Urinary tract infection was diagnosed in 8 (27.59%) out of the 29 infections and central venous catheter related blood stream infection was detected in 3 (10.34%) patients. Hence, when judged separately, VAP was the commonest ICU acquired infection detected.

On the calculation of the infection rate per 1000 patient\'s days or per 1000 device days, the following values were obtained:

Overall nosocomial infection rate = 16.71/1000 patient daysNosocomial pneumonia rate (both VAP and non-VAP) =10.37/1000 patient daysVAP rate = 26.6/1000 ventilator daysNon-VAP rate = 4.61/1000 patient daysUrinary tract infection = 7.44/1000 catheter daysCentral venous catheter associated bloodstream infection rate = 2.46/1000 central venous catheter days.

Upon comparison of putative risk factors of nosocomial infection by univariate analysis \[[Table 1](#T1){ref-type="table"}\], prior antimicrobial therapy, antacid use, hypoalbuminemia, malnutrition, urinary catheterization, endotracheal intubation, re-intubation, tracheostomy, placement of nasogastric tube, mechanical ventilation, APACHE II score \>13 and length of ICU stay were found to be statistically significant. The logistic regression model tested a large number of predictors for possible association with the outcome of nosocomial infection as shown in [Table 2](#T2){ref-type="table"}. Out of these, prior antimicrobial therapy, urinary catheterization and length of ICU stay were found to be statistically significant risk factors for nosocomial infection by multivariate analysis. The model fit was good with a Nagelkerke *R*^2^ value of 0.754, indicating that over 75% of the variability in the model could be explained by the predictors selected. However, the limited sample size has resulted in relatively large 95% CI of adjusted ORs of the individual predictors.

###### 

Comparison of putative risk factors for nosocomial infections by univariate analysis
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###### 

Results of univariate and multivariate (logistic regression) analysis of potential risk factors for nosocomial infections in the intensive care environment
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[Table 3](#T3){ref-type="table"} summarizes the distribution of pathogens responsible for the nosocomial infection cases in this study, categorized by site of infection. A total of 40 pathogens were isolated on culture and accounted for the nosocomial infections in 29 patients. Some infections were polymicrobial. Gram-negative *Enterobacteriaceae* were the most frequently isolated pathogens (*n* = 15; 37.5%) closely followed by *Pseudomonas* species (*n* = 14; 35%, *Pseudomonas* aeruginosa = 13, *Burkholderia cepacia* = 1).

###### 

Distribution of causative micro-organisms of nosocomial infections by site
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Regarding outcome, the length of total hospital and ICU stays have been depicted and compared in [Table 1](#T1){ref-type="table"}. [Table 4](#T4){ref-type="table"} compares the outcome of ICU stay and total hospital stay, in terms of mortality, between the two groups. There was no statistically significant difference between the hospital mortality rates among the patients with and without nosocomial infection (*P* = 0.181). There was a trend toward greater mortality in the ICU in patients with nosocomial infection than in patients without (17.2% vs. 6.6%), although this did not reach statistical significance (*P* = 0.060).

###### 

ICU stay and hospital stay outcome compared
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Discussion {#sec1-4}
==========

The prevention of ICU acquired infections demands knowledge of the infection rates and of the sources, the pathogens involved as well as the common risk factors for infection. The incidence of nosocomial infections varies according to the setting, that is, the type of hospital or ICU, the patient population and the precise definition and surveillance techniques used to identify a nosocomial infection.\[[@ref11]\] A large cohort multicentric international study has reported at least one ICU acquired infection in 18.9% of patients, with an incidence ranging from 2.3% to 49.2% across the centers.\[[@ref12]\] In a 1-day point prevalence study involving 1265 ICU s from 76 countries (extended prevalence of infection in intensive care \[EPIC II\] study), 51% patients were found to have nosocomial infection. However, the rates of infections varied considerably according to the country, with Greece and Portugal having the highest and Switzerland and Germany and the Netherlands having the lowest infection rates.\[[@ref13]\] Other studies\[[@ref14][@ref15]\] have reported incidence rates between 9% and 37%, depending largely on the populations studied. Crude infection rates might not be representative of the overall problem since they do not take into account the patients\' intrinsic risk of infection or extrinsic risks associated with exposure to medical interventions.\[[@ref16]\] The findings in our study were found to be closer to the lower range of incidence rates reported in the other studies referred above. This difference in findings is not necessarily related to better quality of care, since many other factors may be responsible including difference in the criteria for patient selection, the case mix, ICU type, length of stay, rate of device utilization and discharge criteria.\[[@ref17][@ref18]\] The patients from a single institution can present with different risk of infection in the context of differing case mix, severity of illness and utilization rates of invasive devices.\[[@ref19]\]

In the EPIC II study,\[[@ref13]\] the most frequently reported sites for ICU acquired infections were the lungs (64%), abdominal (19%), and blood stream (15%). Data from the United States National Nosocomial infections surveillance system showed that the nosocomial pneumonia accounted for 31% of all nosocomial infections followed by urinary tract infections and blood stream infections.\[[@ref19]\] The site distribution of nosocomial infections in this study broadly conforms to the findings of earlier and larger studies mentioned above.

The precise pattern of causative organisms, whether bacterial or fungal, varies across countries and between ICUs according to patient case mix, site of infection, antibiotic protocols, infection control practice and local ecology and resistance patterns.\[[@ref20]\] Although recent years have seen swings in the pathogen pattern toward Gram-positive bacterial infections,\[[@ref21][@ref22]\] still, most studies report that more than half of the nosocomial infections occurring in the ICU are due to Gram-negative bacteria.\[[@ref13][@ref19]\] In our study too, the most commonly isolated organisms were Gram-negative *Enterobacteriaceae* followed closely by *Pseudomonas* species. The detection of *Candida* species in 15% of the isolates in the present study is also consistent to some extent with the studies of Pittet and Wenzel\[[@ref23]\] and Edgeworth *et al*.,\[[@ref24]\] who have reported that fungal pathogens are also becoming increasingly common among patients with nosocomial bloodstream infections.

Intensive care unit acquired infections have been reported to be associated with increased length of ICU and hospital stays.\[[@ref25]\] Correa and Pittet\[[@ref26]\] reported an additional cost of about \$3.5 billion/year due to ICU acquired infections. The findings in the present study are corroborative. Crude mortality rates associated with nosocomial infection vary from 12% to 80%, dependent on the population studied and the definitions used.\[[@ref20]\] Whereas some studies do report increased mortality associated with nosocomial infections,\[[@ref27][@ref28]\] other studies, like those of Rello *et al*.,\[[@ref29]\] have not shown higher mortality, emphasizing the problems in defining cause-effect relationship in these individuals. In the study by Rosenthal *et al*.,\[[@ref30]\] crude mortality rate for patients with device associated infections ranged from 35.2% (for central venous catheter associated blood stream infection) to 44.9% (for VAP). In the present study there was a trend, but no statistically significant difference in ICU mortality rate in the patients with compared to those without nosocomial infection despite a significantly greater proportion of infection patients falling in the higher APACHE II category. A probable explanation for the lack of difference could be a variation in the baseline severity of illness mentioned before and described by Vincent.\[[@ref20]\] Another factor that may have prevented the trend from becoming statistically significant is the relatively small number of deaths in both arms observed over the 6-month study period. A longer study may have produced more deaths leading to the observed difference becoming statistically significant.

Although there is a plethora of studies detailing the risk factors for various type of nosocomial infections in various groups of patients, more commonly identified risk factors can be divided into four groups: (a) Those related to underlying health impairment; (b) those related to the acute disease process; (c) those related to use of invasive procedures and (d) those related to other treatment modalities. Diverse studies have described various features of underlying health impairment, like chronic lung disease,\[[@ref31]\] immunocompromise, increased age,\[[@ref14]\] malnutrition,\[[@ref32]\] etc., as independent risk factors for nosocomial infections. It has been reported in some studies\[[@ref17][@ref33]\] that the risk of developing nosocomial infections increased with high APACHE II score. Invasive device utilization like central venous or urinary catheterization, intubation, tracheostomy and mechanical ventilation have been reported as significant risk factors for infection in many studies.\[[@ref13][@ref17][@ref18][@ref33]\] The EPIC II study\[[@ref13]\] reported medical admission, admission after emergency surgery or trauma, referral from the hospital floor, emergency room, or other hospital, the presence of chronic obstructive pulmonary disease, cancer, HIV, older age, mechanical ventilation, renal replacement therapy and greater SAPS II score were found to be independently associated with a higher risk of infection. The findings in this study are partly in agreement with earlier studies.\[[@ref27][@ref33]\]

Conclusion {#sec1-5}
==========

In this prospective observational study, nosocomial infections were diagnosed in 11.98% of the patients. Nosocomial pneumonia (both ventilator and nonventilator associated) was the most frequently detected infection, followed by urinary tract and central venous catheter associated bloodstream infections. Length of ICU stay, prior antimicrobial therapy and urinary catheterization were found to be significant risk factors associated with the acquisition of nosocomial infections. Gram-negative *Enterobacteriaceae*, as a group, were the most frequently isolated pathogens, while *P. aeruginosa* was the single most frequent causative organism. The acquisition of nosocomial infections in the ICU resulted in significantly increased length of ICU and hospital stay, but did not result in statistically significant increase in ICU or hospital mortality.

These findings can now be utilized toward planning a surveillance program for nosocomial infection in our ICU setting as a first step toward a better infection control strategy.

**Source of Support:** Nil

**Conflict of Interest:** None declared.
